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ABSTRACT: ‘The data preseuted in this rveport show a direct effect of insulin on impairment of ketone body pro-

duction in perfused livers from fasted rats.

glucose alone are not sufficient to cause an impairment in ketogenesis.

he data also show that physiological levels of insulin alone or

Unly when insulin and glucose are both

present at levels seen in infected rats is ketone body production impaired. ..

Stimulus 1or this study arose trom the tact that
the plasma of infected-tasted rats has low ketone
body concentration and high insulin levels (l1). A-
moag the intections which have been studied in the
rat are strentococcus pneumoniae, Francisella tula-
rensis, sailmoneiia typnimurium., Ffoster (.) demon-
strated chat the injection ot insulin into fasted
rats caused a rapid transieat deciine in ketone body
concentration. Haft and Miller (J)) showed a similar
inhibition ot ketone body production by iasulin in
pertused livers from diabetic rats. Poledne and
Mayes (4) mention in an abstract with no experimental
details that the addition of insulin to pertused
livers trom starved normal rats resulted in a reduc-
tion in ketone body formation. OUther authors, how-
ever, have tound that insulin does not reduce ketone
body formation in the perfused rat liver (5, 6).
This paper presents direct evidence for the combined
role of glucose and insulin in causing a reduction of
ketene body formation from oleic acid in perfused
livers from normal fasted rats.

METHODS

Liver pertusions were performed as described by
Wannemacher et al. (5) with the modifications de-
scribed below. The perfusion medium consisted of 70
ml Krebs-Ringer bicarbonate buffer (pH 7.4), 30 ml of
washed sheep erythrocytes, 3 g of fatty acid-poor bo~-
vine serum albumin, 500 U of heparin and in those
perfusions where insulin was present, enough insulia
was added to give a concentration of 25 punits/ml.
[a experiments where no glucose was added the basal
glucose level was approximately 50 mg/l00 mi. In
those experiments where gl was added, the -
tration of glucose averaged 150-200 mg/100 ml. The
atmosphere in the closed pertusion system comsisted of
95% 0, and 5% COy, Perfusion of the liver was main-
tained at about i ml/min per g; the perfusate was re-
cycled. At the end of a 45-min equilibracion period,
2.5 ml of a 20 mM solution of oleic acid and insulio,
as described above was added. A }-ml sample of the
perfusate was removed at 0, 15, 30, 45, and 60 min or
at 0, 10, 20, 30, 40, 50, and 60 min, and analyzed for
ketone bodies. The rate of ketogenesis was calculated

L) In conducting the research described im this
report, the investigators adhered to the "Cuide for
the Care and Use of Laboratory Animals," as promul-
gated by the Committce on Care and Use of Laboratorv
Animals ot the Institute of Laboratory Animal Re-
sources, National Research Council. The facilities
are fully accredited by the American Association tor
Accreditation of Laboratory Animal Care.
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from the slope ot the plot ot total ketones in the
media vs. time.

Ketone bodies were determined as described by
Neufeld et al. (6) and glucose as described by Sud-
duth et al. (7).

RESULTS

1f glucose, without exogenous i1msulin is added
to the perfusate so that its concentration is at or
close to that seen in the blood of normal fasted
rats, 150-200 mg/100 mi, there is no erfect on hepa-
tic ketogenesis (Fig. 1). Additionally, if insulinm,
without added glucose, at a level close to or equal
to 25 uU/ml is added to the perfusate, there is no
inhibition of ketone body formacion. If, however,
the liver 1is perfused with a mediw: which contains a
high glucose councentration (150-20U =g/100 ml) and
insulin at a level of 25 uU/ml, there is a 402 iuhibi
tion in the ability of the liver to tivrm ketones.
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Figure L. Effect of glucose, iasulin, ind glucose +
insulin on ketone body formation from oleic acid in
the perfused livers from fasted rats, *P < 0,05 vs.
A, B, and C, Oleic acid [J : Oleic acid + glucose
(200 mg/100 m1) @ ; Oleic acid + insulin (25 ul/ml)
; Uleic acid + insulin (25 uU/ml), and glucose
(200 mg/100 m1) @ .

DISCUSSION
Data presented bv Neuteid et al. (1) and aaiu-
ski et al. (8) indicated an upparent impurtant role
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for insulin in the reduction of ketone body formation 8.
in the livers of rats which were inftected or in which

an inflamed state was induced. Other indirect evi-

dence tor the role of insulin in states of low ketone

body concentration has been presented by Woodside and

Heimberg (9) who observed that the addition of anti- 9.
insulin serum increased the rate of ketogenesis.

They also observed that the addition of glucose to

the perfusate depressed ketogenesis, a situation not

found to be so in the work reported here, Their work, 10.
however, was primarily with the livers from diabetic
rats. Poledne and Maves (4) reported in an abstract
that insulin decreased ketone body production.

Miller (10) demonstrated a direct etffect ot in-
sulin on hepatic gluconeogenesis with no mention of
ketogenesis. Other investigators, Penhos et al. (11)
and Hatt (l12) were unable to show any eftect of insu-
lin on ketogenesis. Haft concluded that the decrease
in ketone body concentration observed following the
in vivo adainistration of iasulin could not be ex-
plained by a direct inhibition of hepatic tatty acid
oxidation.

The discrepancy between Haft's results and
others' with the data presented in this report cam,
perhaps, be explained by the difference in the con-
centration of glucose in the perfusate. I[n our hands,
when no glucose is added to the perfusate, the endo-
genous concentration of glucose in the perfusate is
slightly in excess of 50 mg/l00 ml. Added insulin
with this concentration of glucose caused no inhibi-
tion of ketone body formatiom from oleic acid. If,
however, sufficient glucose is added so that its con-
centration in the perfusate is close to that observed
in the fasted state of the rat, inhibition of keto-
genesis from oleic acid by added insulin is observed.

The data presented in this report confirm the
direct effect of insulin on ketogenesis and add im-
portance to the observed increase in plasma insulin
in fasted-infected rats (2). In conclusion, this
study demonstrates the glucose-dependent role of in-
sulin in the suppression of hepatic ketosis.
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